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INTRODUCTION 


The Metabolic Rate Measurement System (MRMS) Is an uncomplicated and 
accurate apparatus for measuring oxygen consumption and carbon dioxide 
production of a test subject. From this one can determine the subject's 
metabolic rave for a variety of conditions; such as resting or light exer- 
cise. 

MRMS, like Its predecessor (Metabolic Measurement - X75 Ident. No. 55005-0), 
utilizes an LSI/11-03 microcomputer to monitor and control the experimen- 
tal apparatus. However, accuracy and efficiency have been Improved by 
utilizing more refired equipment and techniques. Future plans include 
configuring the LSI/11 to conmuni cate with a larger central computer. 

This will also be done with several other LSI/11 controlled experiments, 
such as the Skin Temperature System so that as much data as possible can 
be collected and stored In highly efficient manner. 
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GENERAL DESCRIPTION 


To measure the oxygen consumed and the carbon dioxide produced for a 
test subject, a somewhat constant flow of ambient air Is pulled through 
the face mask and mixed with the subject's expired air. A mass spectro- 
meter Is used to determine the concentrations of gases In both the In- 
spired and expired air. These concentrations as well as temperature, 
pressure and flow rate are monitored by a Digital Equipment Corporation 
LSI-11 Microcomputer. The computer programs, which are written In 
Fortran and reside on a floppy dlskette^utomatlcally calibrate this 
equipment, control the sampling of the various parameters, calculate 
the minute volumes of the gases, and display the results on the tele- 
type. 

The LSI-11 measures the gas concentrations from the Mass Spectrometer, 
as well as the temperature and pressure measurements by means of an 
ADAC 1030 A/D converter. A parallel Interface board provides the 
communication link from the flow meter output ,and to the solenoid 
valve controls. 

The ADAC 1030 accepts up to 16 analog Input signals. Output is an Integer 
In the range 0-2047. Channel selection as well as gain are programmable. 
The counts are converted to a value signifying a measurement (such as 1/ 
min, deg. cent, etc.) by means of the linear equation value * slope * 
counts + Intercept. The slope and Intercept values are determined by cali- 
bration techniques. 
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The temperature and pressure transducers are assumed constant devices, 
and so were calibrated once during hardware assembly. 

The measurements from the Hass Spectrometer are calibrated during ex- 
perimentation. Two calibration gases, of precisely known composition, 
are analyzed to provide slopes and Intercepts. 

The selection of gas (cal. gas 1, cal. gas 2, exhaled or ambient) picked 
up by the mass spectrometer probe Is controlled by a set of solenoid 
valves. A digital control device converts the interface board signal 
to the 110 v. signal needed to actuate the proper valve. 

To measure flow, a turbine-like transducer sends a signal to an amplifier/ 
signal conditioner, which generates a square wave. This Is sent to a 
frequency counter which then generates a BCD signal on the parallel In- 
terface as well as displaying the results on the LED display. The flow 
measurement system was also calibrated during hardware assembly. The 
flow Is governed by a variac controlled exhaust fan. 

A complete block diagram of hardware arrangement appears In the hard- 
ware description. 
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Board Configuration of the LSI-11 Microcomputer 


Slot DEC 

Location Module No. Device No. 


1 

M7264 

KD11-F 

2A 

M8044 

MSV11-D 

2C 

M7946 

RXV11-A 

3A 


DLV11 

3C & 4C 

M7941 

DRV11 

4A 

M9400YE 

BCV1B 

5A 

M9401YE 


5C 


MLSI-SMU 
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Description 

Microprocessor with 4K RAM 

32K words x 16 bit memory 

Dual floppy disk drive controller 

Serial line Interface for teletype 

Parallel line Interface 

First backplane terminator & bus extender 

Bus continuity card 

System monitoring unit 

16 channel A/0 I 2 channel D/A Interface 


First 

1 

A B C D 

CPU with 4K memory 

Backplane 

2 

32K memory 

disk controller 


3 

serial interface 

parallel interface 


4 

bus extender 

parallel Interface 


5 

bus connector 

SMU 

Second 

6 

analog to digital converter 

Backplane 

7 
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CENTRAL PROCESSING 
UNIT WITH 4K MEMORY 



BLOCK DIAGRAM OF HARDWARE SHOWING 
DATA CABLES 



















CABLE RUNNING LIST FOR ANALOG/DIGITAL INTERFACE 


Cannon 0D505 50 pin Ribbon 
Cable Mounted Connector 


Cannon D050P Mating Connector 
on PC Board 


PI 6 


P18 


P17 


FUNCTION COLOR PIN PIN FUNCTION 
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CABLE RUNNING LIST FOR PARALLEL INTERFACE 
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SOFTWARE DESCRIPTION 


The software package Is developed In and supported by RT-11 v3B operating 
system. The real-time test program Is written In Fortran and operates In 
phases that are user controlled. Although this requires user Intervention, 
It permits software design so as to minimize the number of subroutines 
and associated overhead. 

The main phases of the real-time test program operate in the following 
manner. 

Calibration : Open solenoid valve for a cal. gas and flow for 30 seconds 
to clear tubing. Average 100 readings each for O 2 and CO 2 concentrations. 
Repeat for other cal. gas. Calculate slopes and intercepts. Print results. 

Test data : Set valve for ambient gas flow for 7 seconds to clear tubing. 

Then sample ambient data continuously for the next 8 seconds. Set valve 
for exhaled gas flow for 7 seconds to clear tubing. Then sample exhaled 
data continuously for the next 38 seconds. During the duty cycles (8 sec./ 
ambient, 38 sec. /exhaled), no other operations other than data gathering 
are performed. Averaging, computational calculations, and printing are 
done during the 7 sec. wait cycles. This 60 second cycle is repeated 
until user intervenes. 

The resulting program provides good flexibility of initial conditions as 
well as high sampling rates and efficient use of CPU capability. 
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OPERATION 


1) Insure cal gases are operational; verify proper hose connection 
(gas 1 with hose #1, etc.); bottle has sufficient operating pressure; 
pressure Is adjusted properly (4-8 psl is sufficient). 

2) Insure mask hoses are properly connected. Hose to tank and tank to 
flow meter/fan are color coded for proper connection. Capillary 
tube connects to Inlet connection. 

3) Insure mass spectrometer Is properly configured. Probe is connected 
to Mass Spectrometer connection. Proper inlet Is selected and unit 
is "ON". Verify mode is % and output signal cables are connected 
to converter patch panel. (NOTE: A filter/ amplifier box may be in- 
serted between the mass spectrometer and the patch panel . ) 

4) Verify the patch panel connections are attached to the proper channel 

Ch. 1: O 2 signal 

2: C02 signal 
4: Temp, signal 
5: Press, signal 

5) Load floppy diskette into disk drive; Disk ENVIRE contains the RT-11 
v3B operating system as well as program into ENVIRE .SAV and data 
file DATCON .VAL. 

6) Turn on power to teletype, turn on power to CPU and other hardware. 

7) The teletype should print "$". To boot the system; clear the INTRPT 
light (depress the key once), type "DX" and carriage return. The 

V 
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system will then boot up ready to accept commands. 


8) Type "R ENVIRE" <CR>. Envlre prints adequate Instructions for 
operator actions required. Appendix D Is a hard copy printout 
containing expanded comments about options etc. 


APPENDIX A 

PHYSIOLOGICAL EQUATIONS 
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Indices: 1 ♦ cal gas 1 or 2 

j ♦ 1*02 > 2-C02 

Given *(1,J) - m(j) * £(1,j) + b(j) 
where % ■* cal gas percentage 

£ -*■ mass spec output, read as counts from A/D 

thm 

b(j) - X(l.j) - m(j) * ?(1.J) 

ACC\ 

Respiratory Quotient Rq *-^j — 

C0 2 Production ACO * {STP * ft * [Q e (2) " r ** averaged 

0 2 Consumption AO * (STP * ft * [ri *$ e (3) -$ e 0)]> averaged 

Temp/Press. Correction STP * [( 2 fa^ 3 ^+ f ) * ^“75^^ averaged 

Gas Concentration p^(j) * m(j) * £(k,j) + b(j) 

where h denotes ambient or exhaled concentration 
and p^(nitrogen) * 100.- p^(l) - p^(2) 

Ratio factor rj * Bz) ' ] J,era9ed 

Flow ft measured in litres/minute 

STP and rj are calculated and then averaged during the ambient duty 
cycle as described in the Software Description section. 
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fit and p e (j) are nieasured and a value for ACO' and AO 1 Is calculated. 

Due to experimental restriction. It Is necessary that the ambient measure- 
ments (STP and r^) be considered constant, at least during the exhaled 
duty cycle. The values of ACO' and AO 1 are averaged (to get ACO and AO), 
as described In the Software Description section. Rq reflects a single 
value, for the minute of data sampled. 



APPENDIX B 
PROGRAM FLOW OIAGRAM 


I 

I 

I 

1 

• ***■"''; 
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LAMB-.T. 

AMCNTR-fHCNTR+l . 

Read Mass Spec 
Calculate PCTABM(j) 
ONSUM-ONSUM ♦ 
PCTAMB(1)/PCTAMB(2) 
CONSUM-CONSUM + 

PCTAMB ( 2 )/PCTAMB ( 3 ) 

Read T and P 
Calculate TEMP and PRES 
STPP- ( 273.15 ) * PRES 

2 7 3.T 5~ + TEHB 75IT 

STPS-STPS+STPP 


STP-STPS/AMCNTR 
ONRAT-ONSUM/AMCNTR 
CONRT -CONSM/AMCNTR 

LAMB-. FALSE. 

AMCNTR-O. 

STPS-O. 

ONSUM-O. 

CONSM-O. 


LEXH-.T. 

EXCNTR-EXCNTR+1 . 

Read Mass Spec 
Calculate PCT EXH(j) 

Read and calculate FLOW 

02SUM-02SUM + [STP*FLOW* 
(ONRAT*PCTEXH(3) - PCTEXH(1 ) )*.Ol] 

C02SM-C02SM ♦ [STP*FLOW* 

(PCTEXH(2) - C0NRT*PCTEXH(3) )*.Ol] 


T-T+60. 

MIN-MIN+1 





APPENDIX C 
PROGRAM LISTINGS 
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PBOGRAM m;»ms 


10 FORMAT (/.17X, 


5X. 'REAL-TIME TEST PROGRAM TO SUPPORT THE'*//# 

SX , 'MET A B O UC«R A Tg - ME ASU R £ ME A> T- S- y S T gM» V^ 

5X. 'ENVIRONMENTAL PHYSIOLOGY LAB,'//, 


REVISION 1 


IMPLICIT logical (L) 


DIMENSION IDATI3) ,INAM(15),IM0Q(1S1 
DIMENSION- CALJCT^jl.PUAMaCS-UPXTEXl 
DIMENSION GASSLP(2)*GSNTCP(2),GSGN(21 

DIMENSION GA&CNTU # 2) >&ASSiittX2J 

DIMENSION IVLVMD(5),IA0CGC(5) 


COMMON 


RCSQ.TEMp.PRES.EXCNTR.LAVG.FLOfc, ISCL 


DATA I YS/1HY/,IN0/1MN/, ISTP/1HS/, IRL/"07/ 




DATA I ADCSR/" 176770/. I ADRUF/" 176772/. I ORVBF/" 167772/ 

■ DATA- S-IPS/Q,/. 023UM/Q . / .CTI2SM/Q . /.CAMAX/O-./ 

DATA AMCNTR/0./,EXCNTR/0./,CNSUM/0./,CONSM/0./ 


READ DATA CONSTANTS 

O e E N tU N l T a a .- TY a E x- ' OCD- '^ A M Es ^ OXOiQA TC Ql 
RE AD (2. 60) ((CALPCTd. J) , Js 1 , 2 ) , I *1 , 2 ) , 


ISRaINTSET(M0a,«,0.TICK) 


ifiil ftiA Vrl.'T'rfl f (liTilill 


CALL IPQKE ( " 1725A0, " 113) 





i 

i 





OPEN! VALVES FOP VENTING 




► 0 

DP6 TYPE 10 

sn tvoc 1 3 - - - - - - -- - - 

0 

028 ACCEPT 1 3# I AN$ 

* 

I F H AN-S i-E Q » I N 0 )- GO— TO— 92 

C 

0 

_ A 

g. GET- PHASE * OO-AMG* 

051 90 CONTINUE 

0 

033 92 ACCEPT 15,IPHS 

1 A- 

IPMBHSrg-T.O) GO TO- 94 

0 

036 ACCEPT 15,IPHS 


phase i data constants 


■ A 

A1Q _ TVOC ft A 1 



0«0 DO 110 1*1*2 1 




0 

002 ACCEPT 13, IANS j 

a 

Oil3 IFUA.VS.aE^Uf-S-1 GLUT Q- 44-0 

0 

0U5 TYPE SO j 

a 

QJlh ACCEPT S3, VALUE I 

0 

007 GSGN(I)svalUE j 

a 

Qitfl— UO-COAH-I-VUE 

£ 


C C*SC*- PflQftBAMMAetE -6A1MS 

0 

OOP DO 120 Nsl.a 

a 

AM TYPj-S6-,>mA0CGC<M) 

0 

051 ACCEPT 13, IANS 

0 

AW IF<IANS.JVt,lYS)AA-TO 1-20 

0 

050 TYPE 50 

0 

AS 5 ACCeai— 

0 

056 IADCGC(M)3INT 

-0 

ASJ 120 .C3NT-IW6 — 

C 

0 

C CH€C*-CAL«SAS 

058 DO 130 1*1,2 I 

a 

AM 03-4-30-4*4^2 — - - 1 


rmTJj] 

FmTml 


IF(IANS.NE.IYS) GO to 130 


'»¥»> 


ACCEPT 59, VALUE 


8 00&7 130 CONTINUE m., ... 



— ( . 

“a . • ^ 

4 ■’-•-j: 
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<*ESQ=C02PD/02C0N 
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i.T<W> 


ill 


023UM«0 


TYPE 80, ( (PCTAMBI J) ,PCTEXH(J)) ,J*l,3),0NR,CNR,STP,FL0w 


EXCNTR«0 


415 CONTINUE 


0T < 1 5 s COLLECT AMBIENT DATA 

Ufi« TDl I? 


AMCNTR*AMCNTRM 


DO 417 Jal,2 


INTslPEE<(IAD8un 

SA^MT ( 3 , J) aC |_ft AT ( IA.T ) / g$CN( J) _ 

PCTAMBf J)*(SASSLP( J)*GASCNT(3, J) )>GSNTCP( J) 


PCTAMB(3)*100.0-PCTAMB(2)-PCTAMBC1) 


RATIO FACTORS 

P 

CONSMsCONS'*t{PCTAMB(2)/PCTAM8 l 3) ) 


TE*P 


INTsIPEEKU A08UF) 


PRESS 

(T 


INTsIPEEKCIADBUF) 


JK 1 IKRIUI 


IIJariaAfflklA.IrliVlkli 




STPS*STPS*STPP 


GO TO 405 


DT> 1 5 , CHECK NEXT PHASE 

T T Ml iff 


IF(0T.GT.22.) GO TO 460 
nr«3?« a u fi . avbtpmt hata, 

ZERO INTEGRATORS t THEN IOLE 


UM t- 

ft 1 70 

C 

tr ^ , my i , tip j — <#u -wj — 

LAM8S. FAL.SE . 



! 

i 

! 


C 
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r ” -"' ! 7«s£r, 

■ 



emiTon, 

T V 






RTPafiTPfi/AMCNTP 


0181 



0NRAT=QN8U^/A M CNTR 

f* n mu t •/* n m e u v a urii r 0 


0183 

a tan 



PCTCAyaPCTSM/AMCNTR 

jr/7fAuAv-orrr*u^ et 1 Aur.a roue 


0186 

fi- 


IF(LAVG) TVPE 1 3» I6L 

mia.n.uflAt . ... 



0 

fi- 


CNR*C0NRT 


0188 
0 1 89 



AMCNTRaO. 

RTPfiafrjr 


0190 

—ft! at 



ONSUMsO. 

8nilOU-A 


0192 



PCTSMaO.O 

t* A1AA V»A A 



r 




Alflii 

L 


CO TO 'JOS 



r* 





V 

ft- 


ruerir i act omacC 


0195 

0196 


960 

CONTINUE 

-l T aft 1 rn fn /ui 


0198 

0199 



TsT+o0. 

VITIU-MIilil 


0200 

c 


GO TO U05 


0201 

c 


dt<60.: collect exhaled data 

_1 E\*M- TtfiiCT - . . 


0202 

c 


EXCNTPsEXCNTR+l . 

CAS PBArTTPAIS 


0203 



DO 967 J=1 ,2 

C A U, I pnrf F ( I Ar >CSBf T A 0CGC ( P ' 


0205 

020*> 



INTsIPEEK(IADRUF) 

SAsrfyTfi.p-pinATtP'TWGSG'ufJ) 


0207 

02 nA 


“67 

PCTEXH(J)s(GASSLP(J)*GASCNT( 9, J) )+GSNTCP(J) 
gnMT JMyp 


0209 

_c_ 


PCTEXH(3)sl00.0-PCTEXH(t )-PCTEXH(2) 

P(_0w 


0210 
321 l 



CALL IPOKEC167770, 1 ) 
IV A L"I B EF“ ("16777*0 


0212 

0213 



CALL IP0«E("lo7770,0) 
PLnw*onMsrou wA L f \)*l .52 


ft 21^ 

c 


0 3 <iiiMan 3qiiM*r«TD*Pi n»*r fnKiDAt* or rpyurxi i-prrpvHf nw mi 


0215 

_c_ 


C02S*sC02S'A*(STP*FL0ai*(PCTEXH( 2)"(C0^PT*PCTEXH(31) ) *|oi) 


0216 

c 


GO TO 905 


0217 

c 

U05 

f niwT JAllllj 


0218 

021° 



CALL I p 0KE(IDRV8F,lVLVM0(5)) 
Tv°E 22 r I 


0220 

0221 



ACCEPT 15,IPHS 
lewq-jows 


0222 



GO TO 92 
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500 CONTINUE 


STOP CLOCK 

ki i rorirfC t » i 


CALL IPOKE(IDRVBF,"00) 


12 FORMAT ( X * * TO GET INSTRUCTION, ', 

* * T Y Pf . Y 1 RET U R N. * . / . X . 

* 'TO PROCEED, TYPE N l RETURN »,l) 

13 FORMAT ( A l 3 

la FORMAT (X,//,X, 'TEST LOAD M-R-M-S HAS 5 PHASES', 

* //.SX.M -DATA CONST ANTSt^ALLOXS-USEB.'-, 

* /,' MODIFICATION OF SELECTED DATA CONSTANTS', 

* / r « rr.AS r.ATMS.rAi ,r.AA. PTr.i..*^ 

* /,' OTHERWISE PROGRAM USES DEFAULT VALUES.', 

« //,SX^«? INITIAL IZ.AT ION**ENT£R HEADER INFORMATION* »- 

* //,5X,'3 CALIBRATE— DETERMINE SLOPES % INTERCEPTS*, 

» /. * foa DATA rua vga hy_ sampling 2-CAU— &A&ES1* 

* //,5X,'tt TEST-DATA— SAMPLES TEST-DATA CONTINUOSLY * , 

* /.♦ UNMI IISFR TF.ftM.lNATFS*. 

* //,5<,'5 TERMINATE— RETURNS CONTROL TO MONITOR', 

* //,3X ^-'-VERIFY CAL GASES ABE-.-QP-&ALL, 

* / , 3X , ' AND MASS SPEC IS FUNCTIONAL', 


* 2X , 'DATE J (MM/OD/YY) *,S) 

17 FORMAT (12, X, 12, X, 12) 

IB FORMAT (2X, 'SUBJECT NAME l ',S) 

19 FORMAT ( 1 5 A2 ) 

20 FORMAT (?X , 'TEST NO. ',S) 

22 FORMAT (X,/,5X,'END OF PHASE ',13,/, 


J — CAttSRAJIO N' .)- 


30 


, »!NTCPT',/,2(3X,F9.2),2X,2(3X,F9.3)) 

•j ^ v Mw^CKin 


262 FORMAT ( / , 1 SX , * CARBON DIOXIDE') 


30 F0RM*TCX,//,10X, 'PHASE a fEST-DATA 


> /,5X, 'ADVANCE PAGE AS DESIRED*'. 

* ew ifufii artnAki # 


/»5X, 'TERMINATE AT ANY TIME'. 


- % am -f T* 4 -« - m m ’T m 


“J ' 


2(12, *✓' ) ,12. ISX, 'TEST MODE* 


FORMAT (X , //, 1 OX, 'END OF REAL-TIME TEST 


* //.SX.'BE SURE TO CLOSE CAL GASES* 


» ' TO LEAVE VALUE UNCHANGED, ENTER', 


,*l RETURN, GET "NErt VALUE" PROMPT,*, 


3 








FOB T EAbi IV aiOEAgF. MAS FOB PROGRAM UNIT MBMS 


LCC A L 

MAUTAai tft. pggr r 

«04TA f 

*T T r 

* flOflVTik t 

PA 7 nflBOAl, 



N A “E 

TVP£ 

O te 9ET 

JUAMf 

TY*E 

OFFSET 

AiAMf 

TVRP 

nar«rT 


AMCNTR 

R#U 

000352 

CAMAY 

P *4 

000326 

CONRT 

R*0 

000506 



p*q 

000142 

C02S M 

p*a 

AAA 1 PP 

pMV 

P*q 

AAAC^A 


DT 

R*<l 

000500 

i’ 

1*2 

000056 

iadbuf 

1*2 

000306 


I A DfS B 

1*2 

Annina 

I AMf 

i*i 

nnnaca 

TP! 

T *3 

AAAtAp 


IDRVBF 

1*2 

000310 

INO 

L* 1 

000277 

INT 

1*2 

000070 


I B HS 

I *2 

000466 

IIP 

1-2 


t trp 

1 *1 

(tAAlAA 


iv 

1*2 

000520 

IVAL 

1*2 

000556 

IYS 

L* 1 

000276 


j 

1*2 

0 o i} <f t rt 

K 

t*a . 

AAAA 1 A 

Li^ 

1 *ii 

AAACPP 


LEXH 

L*4 

000510 

M 

1*2 

000062 

ONRAT 

R*0 

000502 



C*/l 

000134 

02tU u 

o*a 

ftnntj *. 

orrr au 

p*a 

AAACC? 


PCTSm 

R*U 

000526 

STP 

R*a 

000536 

STPP 

R*0 

000532 


SXES — 

R *4 - 

000312 

-J 

- l*U — 

- aaasoo 

—VALUE- 

JLalO 

-OAOAZO 



COMMON 

BLOCK 

/PLOTR /, 

SIZE * i 

000050 ( 20. WORDS ) 




NAME 

L 0 A T Hf! 

TYPE 

L*a 

OFFSET 

AAA AAA 

NAME 

MJM 

TYPE OFFSET 

NAME 

Q2CPN 

TYPE 

OFFSET 


C02PD 

pofS 

P*a 

p*a 

000012 

000^26 

RE3Q 

R*0 000016 

TEMP 
LA VG 

R*4 

00002? 

QQJULS6 


FLO* 

H*« 

000002 

ISCL 

1*2 000006 





COMMON 

BLOCK 

/TIME /, 

SIZE * I 

000000 ( 2. WORDS) 




name 

srr 

TYPE 

OFFSET 

A A A A A A 

NAME 

TYPE OFFSET 

NAME 

TYPE 

OFFSET 


1 nr A| , 

Avn rnv>ynM appaya# 






VAMP 

LIRE 

: srr Tiny offset 

♦ j IZE-- - aa. 

OIMFWSIQMR 



calpct 

CAsrwT 

R*« VEC SOATA 

000102 

AAA?A? 

000020 ( 8.) 
AAA AAA f 14,) 

(2»2) 

lUr*} 




gasslp 

CAA«llM 

P*0 

o*a 

SOATA 
cn A T A 

000152 

AAAPaa 

000010 ( 0.) 

A AA A ) A t a,) 

(2) 
t ai 




GSGN 

fSWTfP 

R*a 

p*a 

SOATA 

ROATA 

000172 

(J AA J AP 

000010 ( 0.) 

AflOOlft ( a,) 

(2) 
t P) 




IAOCGC 

jrat 

1*2 

_X*R 

SOATA 

fflATA 

000260 
A A A A A A 

000012 ( 5.) 

000006 ( 3.) 

(5) 

(3) 




IMOO 

I v AM 

1*2 

I*? 

SDATA 
60 AT A 

0000OO 

AAAAAK 

000036 ( 15!) 
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name TYPE name TYPE NAME type name type name TYPE 

CONd&O — B jlu FLOAT E*il 1 MI-SET It2- 4 P-EE* U2 - - -JJLQiCE U 3 
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( 1. 
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VALUE 
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GLOBAL- 

value 

. ARS, OOOOOO 

ootooo 

CBK. I. 
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007114 
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Verification and calibration was done utilizing an alcohol lamp in a 
vented chamber. The chamber was connected in place of the breathing 
mask. 


Net alcohol weight loss 
Given that 1 gram of alcohol 
Net O 2 consumed 
Time Duration 


20.10 grams 

combines with 1.459 litres 03 , 
29.326 litres 
63 minutes 


Net rate of 02 consumption 
Average experimental value obtained 


A0=.4655 litres/min. 
A0=.4567 litres/min. 
1.9% error 


Given that Rq known * .6667 
average Rq observed = .6502 

2.4% error 


NASA-JSC 
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